contain numerous carcinogenic hydrocarbons, although to date no pure carcinogens have been isolated from such compounds.
The literature which we have reviewed contains surprisingly few references to occupational cancers directly attributable to cutting oil exposure in the engineering industry. However, the relationship between excessive exposure to such products and a high incidence of other occupational skin diseases is well documented Shapiro, 1950) . Cruickshank and Squire (1950) have presented evidence, from both clinical observations and biological tests on mice and rabbits, implicating exposure to cutting oils as an occupational cancer hazard. A later publication by Cruickshank and Gourevitch (1952) supported this opinion. In the latter paper the authors suggested that it was quite possible that this cancer risk (exposure to cutting oils in the engineering industry) had not been long enough in existence for it to become apparent from mortality rate studies such as those of Henry (1947) . It is interesting to note that in recent years the numbers and uses of the so-called " cutting fluids " have increased considerably. Such Table 1 summarizes the results obtained from two separate tests of sample A-1 begun 18 months apart. In each of these trials a different batch of the soluble cutting oil A was used. Of the three strains of mice exposed, the C3H and C57 black were inbred stock from our own colony while the R.F. mice, obtained commercially, were not necessarily inbred.
It will be readily noticed that there was, in both trials, an appreciable difference in response between the two inbred strains. This is expressed both in the percentage of tumours and to a less marked degree in the induction period (M.T.T.). Regardless of the differences in response of the strains, it is quite evident that cutting oil A has, for a crude commercial product, quite a high tumourinducing potency against mice and that this response shows a high level of repeatability.
In an initial investigation, the used oil (sample A-4) had shown only a very slight carcinogenic potency (Gilman, 1950-51, unpublished data) . Consequently the tests summarized in Table 2 were undertaken, making use of similar dilutions of used (A-4) and unused (A-3) materials along with an unused intermediate dilution (A-2) of one part oil A to four parts of water. It was hoped that a comparison of the results obtained with these and with the undiluted product might help to clarify the role of dilution in reducing the tumour-producing activity of the used product. The percentage of C3H mice developing tumours from the 1: 4 solution is slightly less than a quarter of that observed for the pure product, while the induction period (M.T.T.) had increased on the average about 70 days. Neither the used nor the unused 1: 8 dilutions had elicited any response after exposure for a full year.
Mice of the apparently less susceptible C57 black strain were also exposed to the same dilution samples of the soluble oil as were used on the C5H groups (Table 3) . After 365 days' exposure the C57 group showed similar but on the whole somewhat less marked responses to the treatments. The results recorded in Table 4 for the straight cutting oil (samples B-1 and B-2) are from a pilot test involving too few animals and too short an exposure time to warrant the making of comparisons between these and the other cutting oil samples tested. However, sample B-1 was apparently responsible for skin tumours in two of the 10 animals exposed. One of these developed into a typical squamous-cell carcinoma and eventually metastasized to the lung. Thus it would appear that this cutting oil is also carcinogenic, although confirmation of this and detail as to potency will have to await the completion of experiments in progress.
Discussion
The oil base of the soluble cutting oil tested is a 50-SO blend of sulphurized and filtered straight-run distillates of a crude mineral oil. These base oil fractions are supposedly not cracked and contain no additives other than commercial flowers of sulphur. Thus it might be expected that oil A would give a tumour response comparable to those reported for similar straight-run distillates. However, it would appear to be considerably more potent to the mouse than the several mineral oils and fractions tested by Woodhouse (1951 Woodhouse ( , 1952 and his colleagues. This discrepancy in intensity of response suggests the possibility that one or more of the additives used in compounding the cutting fluid may be acting CU1TING OILS AND SQUAMOUS-CELL CARCINOMA: PART IH synergistically with the mineral oils. None of these additives have been recorded in the literature reviewed as being either carcinogens or cocarcinogens; however, their possible role is being investigated at this laboratory.
The actual use of the cutting fluid A apparently does not either markedly reduce or enhance its tumour-producing potency. It had seemed possible that a reduction in carcinogenic activity might have been associated with oxidation of the carcinogenic components of the used oil, resulting possibly from extensive contact with metal particles. That oxidation may inhibit the potency of carcinogenic shale oil and synthetic tar has been shown by Twort and Twort (1930) . However, in all probability the major part of those differences in response recorded in Table 2 is a simple function of the various levels of dilution. This contention is supported by evidence obtained from tests using C57/C3H hybrids. Such hybrids are hardy, long-lived and resistant to the toxicity of the oils, yet seemingly susceptible to their carcinogenic properties. Twenty such mice, out of C57 mothers and therefore free from spontaneous mammary tumours, were treated with sample A-3 (1: 8 dilution) in exactly the same manner as the other mice reported in Tables 2 and  3 except that exposure was prolonged through a period of 525 days. At 365 and 450 days these hybrids showed no response. However, by 525 days, with all 20 hybrids still living, three had developed tumours, one of which had become cancerous, a response approximating that of the C3H and C57 pure strain groups to the more concentrated 1: 4 dilution after 365 and 456 days respectively. This suggests that, if exposure time to the various dilutions could be sufficiently extended, a tumour incidence comparable to that of the undiluted sample would ultimately be achieved. Apparently the induction period was the only variable appreciably affected by these dilutions. The advantage of using hybrid mice for testing substances that are highly toxic and where exposure may need to be continued over very long periods of time is also apparent.
These observations are of particular interest when it is remembered that it is with just such highly diluted oil-in-water emulsions that the machine operator is in contact. It is only to be expected that, if cutting oils are an aetiological factor in the occurrence of squamous-cell carcinoma amongst exposed workers, such cases will probably be preceded by long periods of exposure. It would seem then that the length of the exposure period should be considered as a very important factor in the evaluation of results of experiments, such as those reported by Smith and others (1951) , concerning the effect of dilution with an inactive material on the carcinogenicity of active fractions of catalytically cracked oils. These data seemingly influenced the interim recommendation by Holt, Hendricks, Eckardt, Stanton, and Page (1951) (1952) .
The inclusion of the mean survival time of those animals that failed to develop tumours along with the number of non-tumour survivors and the duration of each trial gives some indication of the reliability of the results in terms of the toxicity of the substances tested and response of the treated mice (other than tumour development) to the conditions of the particular experiment. Evidence was presented which suggests that the chief effect of dilution is the lengthening of the induction period. Thus when duration of treatment with a dilute oil was lengthened sufficiently the absolute tumour response approached that of mice exposed to the more concentrated emulsions.
Summary
Results of tests using a straight cutting oil (blend) are reported and suggest that this type may also be carcinogenic to the mouse.
